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論文内容の要旨
1. Introduction 
The light absorption of a channelrhodopsin (ChR) , such as ChR2 from Chlamydomonas 
reinhardtii , is followed by the conformational changes of the molecule which gate the channel 
structure to become permeable to cations. Each ChR consists of a seven-pass transmembrane 
apoprotein , channelopsin, and a retinal which covalently bind to the apoprotein. There are five 
conserved glutamic acid residues in the in their putative second trandmembrane helix of ChRs. 
These glutamate residues have been assumed to be involved in the ion permeation. Actually a 
single point mutation of ChR2 which replaces the E97 by nonpolar alanine (E97 A) attenuated the 
photocurrent, suggesting that the residue E97 is involved in the ion flux regulation. Here , the 
significance of E97 and its counterpart of ChRl (E 136) were extensively studied. 
2. Materials and Methods 
Targeted variants of ChR2 were made at the E97 position and at its counterpart of ChRl (E 136) 
replacing with aspartate (D) , glutamine (Q) or arginine (R). All the genes were tagged with Venus , 
a modified yellow fluorescent protein and expressed in the HEK293 cells. The photocurrent was 
evoked by blue LED light (470 土 25 nm) and recorded under the whole cell voltage clamp. 
3. Results 
We found that the charge at the E97 position strongly influences on the ion permeation. The 
photocurrents of ChR2 E97 variants were attenuated in the order of ChR2 > E97D ;:E97Q > E97R. 
Almost similar results were observed when E 136 of ChRWR. in the order of ChRWR > E 136D 
>E136Q >EI36R. 
A number of ion channels have been identified by their specific blocking agents such as natural 
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the channel by binding with the molecular constituent of the channel within the pore region. A 
lanthanide trivalent cation , Gd3+ potently blocked both ChR2 and ChRWR photocurrents. 
Moreover, the E-to-Q or E聞to-R mutations , not the E-to-D mutation , strongly retarded the 
sensitivity to the Gd3+ -dependent block of ChR2 or ChRWR channels. Either photocurrent of 
chR2or ChRWR were also blocked by Lau'a non-selective blocker of voltage-dependent Ca2+ 
channels 
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4. Discussion 
When E97 of ChR2 was replaced by other amino acids , D , Q or R , both the photocurrent peak 
amplitude (Ipeak) , which was expressed as an effective value after divided by the whole-cell 
capacitance , and the an effective inward conductance (gln) were strongly diminished. The effects 
of mutation were almost similar in the case of ChRWR. It suggests that the charge at this position 
is suggested to influence strongly on the rate of ion permeation. 
One of our novel findings is that either photocurrent of ChR2 or ChRWR is blocked by 
lanthanide trivalent cations such as Gd3+ and La3+. When blocked by Gd3+ or La3+, the I-V curve 
of ChR2 photocurrent was less rectified or even outward rectified. It is , thus , suggested that the 
cationic influx was more selectively blocked than the efflux and that the binding sites of 
Gd3+/La3+ lie in the outer pore region of the channels. 
In the case of ChR2 , the E97D mutation enhanced the Gd3+ block of the Ipeak or the gln' whereas 
the E97Q or E97R diminished. Therefore , the glutamate or aspartate at this position is suggested 
to strongly interact with the hydrated Gd3+ and to stabilize the hydrated form. On the other hand , 
3+ the interaction between the hydrated GdJT and the channel may be reduced by the replacement 
with neutral or basic amino acid. This is almost consistent with the effects of mutation on the 
Gd3+ -dependent change of an effective outward conductance (gout). These results denoted the 
possibility that E97 or E136 would reduce the energy necessary to dehydrate. 
Our results strongly suggest that E97 of ChR2 or its counterpart, E136 , of ChRWR is one of the 
amino acid residues constituting the outer pore structure of the cationic channel and is involved in 
the regulation of ion permeation through interacting with the hydrated cations. 
5. Reference: 
Saki TanimotQ., Yuka Suglyama 司 Tetsuo Takahashi , Toru lshizuka , and Hiromu Yawo. Involvement 
of glutamate 97 in ion flux though photo-activated channelrhodopsin-2. Neuroscience Research , 
in press (2012) 
? ?
論文審査結果の要旨
生物はさまざまな方法で光を感知している。ロドプシンファミリータンパク質は光トランスデュ
ーサ一分子の代表的なものである。 7 回膜貫通部位を有するオプシンタンパク質の 7番目の膜貫
通部位に、レチナールがシッフ塩基結合した共通の構造が、シアノバクテリアから晴乳類にいた
る多くの生物に認められている。クラミドモナスなどの単細胞縁藻類においても、走光性や光驚
動性などの機能に原核生物型のロドプシン(チャネルロドプシン)が関与している。チャネルロ
ドプシンにおいては、光受容のオン・オフがイオンチャネルのゲートを開閉する機構が、分子の
どのような構造にもとづいているのかとし寸重要な生物学的命題がある。脳機能解析分野やその
他の研究室による先行研究において、チャネルロドプシン 2 の 9 7番目のグルタミン酸がイオン
フラックスを制御している可能性が示唆されていた。しかし、これを実証した研究はなされてい
なかった。本研究は、 Gd3+や La3+がチャネルロドプシン 2 に対し、チャネルブ〉ロッカーとしてはた
らくことを世界に先駆けて見出した。さらに、この性質が 9 7番目のグルタミン酸をグルタミン
やアルギニンに置換することにより、大きく減弱することを見出した。また、これらの効果がチ
ャネルロドプシン 1 を骨格とするキメラ体、チャネルロドプシン・ワイドレシーバーでも同様に
認められることを示した。これらの知見を総合すると、陽イオンがチャネルを透過する際の脱水
和反応に、これらのグルタミン酸残基が必要であることが強く示唆される。この図式は、最近報
告されたチャネルロドプシンの結晶構造解析の結果を裏付けるものとして、高く評価される。し
かし、研究の周辺についての深い議論と洞察を加えることにより、さらに学位論文のレベルを上
げられる余地がある。たとえば、 Kato et a1. (in press) の結晶構造解析の知見にもとづいて、
学位論文を再構成してみてはどうだろうか。また、将来の研究活動を通じて、自己研績に励むこ
とを期待する。総合的には、学位申請者が自立して研究活動を行うに必要な高度の研究能力と学
識を有することを示している。したがって，谷本早希提出の論文は，博士(生命科学)の博士論
文として合格と認める。
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